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R Tutorial - How to work with OceanWatch data in R

OceanWatch Central Pacific ERDDAP
Written by Melanie Abecassis (OWCP)

This tutorial will show the steps to grab data in ERDDAP from R, how to work with NetCDF files in R and how to make some maps
and time-series od chlorophyll-a concentration around the main Hawaiian islands

If you do not have the ncdf4 and httr packages installed in R, you will need to install them:

install.packages('ncdf4')
install.packages('httr')

. Downloading ERDDAP data in R

. Importing the downloaded data in R

. Working with the data - Creating a map for one time step

. Working with the data - Plotting a time series

. Working with the data - Creating a map of median chl over a year
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1. Downloading data in R

Because ERDDAP includes RESTful services, you can download data listed on any ERDDAP platform from R using the URL

structure.

For example, the following page allows you to subset monthly Chlorophyll a data from the Aqua-MODIS sensor
https://oceanwatch.pifsc.noaa.gov/erddap/griddap/OceanWatch_aqua_chla_monthly.html.

Select your region and date range of interest, then select the '.nc' (NetCDF) file type and click on "Just Generate the URL".
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Easier access to scientific data
ERDDAP > griddap > Data Access Form o

Dataset Title: OceanWatch - Chlorophyll a Concentration, Aqua MODIS - Monthly b< B3
Institution:  NOAA/NESDIS/Ocean\Watch - Central Pacific  (Dataset ID: OceanWatch_aqua_chla_monthly)
Information: Summary @ | License @ | EGDC | 1SO 19115 | Metadata | Background & | Make a graph

Dimensions @ Start @ Stride @ Stop @ Size @ Spacing @
F time (UTC) @ |2015-05-01T00:00:002f1 [o016-05-01T00:00:002 167 30 days 10h 33m 15s (uneven)
I latitude (degrees_north) @ fi7 I Jo 3600 0.05 (even)
¥ longitude (degrees_east) @ [i95 I l10 7200 0.05 (even)

Grid Variables (which always also download all of the dimension variables)
I chia (Chlorophyll-a Concentration, Milligrams per cubic meter) @

File type: | .nc - Download a NetCDF-3 binary file with COARDS/CF/ACDD metadata. j more info
http://pifsc-oceanwatch.irc.noaa.gov/erddap/griddap/OceanWatch_aqua_chl Documentation / Bypass this form @

Submit | (Please be patient. It may take a while to get the data.)

In this specific example, the URL we generated is :
https://oceanwatch.pifsc.noaa.gov/erddap/griddap/OceanWatch_aqua_chla_monthly.nc?chla
[(2015-05-01T00:00:00Z):1:(2016-05-01T00:00:00Z)1[(17):1:(30)1[(195):1:(210)]

You can also edit this URL manually.

In R, run the following to download the data using the generated URL (you need to copy it from your browser):
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library(ncdf4)
library(httr)

junk <- GET('https://oceanwatch.pifsc.noaa.gov/erddap/griddap/OceanWatch_aqua_chla_monthly.nc?chla[(2015-05-01T00:00:00Z):1:
(2016-05-01T00:00:002)1(17):1:(30)1[(195):1:(210)]",
write_disk("chl.nc", overwrite=TRUE))

2. Importing the downloaded data in R

Now that we've downloaded the data locally, we can import it and extract our variables of interest:

#open file
nc=nc_open('chl.nc')

#examine which variables are included in the dataset
names(nc$var)

#4# [1] "chla"

#extract chla
vl=nc$var[[1]]
chl=ncvar_get(nc,v1)

#examine structure of chl
dim(chl)

#+# [1] 301 261 13

#our dataset is a 3-D array with 301 rows corresponding to longitudes, 261 columns corresponding to latitudes for each of the 13 time st
eps

#get the dates for each time step
dates=as.POSIXIt(v1isdim[[3]]$vals,origin='1970-01-01',tz='GMT")
dates

#+# [1]"2015-05-01 GMT" "2015-06-01 GMT" "2015-07-01 GMT" "2015-08-01 GMT"
## [5]"2015-09-01 GMT" "2015-10-01 GMT" "2015-11-01 GMT" "2015-12-01 GMT"
## [9]"2016-01-01 GMT" "2016-02-01 GMT" "2016-03-01 GMT" "2016-04-01 GMT"
#+# [13] "2016-05-01 GMT"

#get lon and lat
lon=v1s$dim[[1]]$vals
lon

## [1]195.00 195.05 195.10 195.15 195.20 195.25 195.30 195.35 195.40 195.45

## [11] 195.50 195.55 195.60 195.65 195.70 195.75 195.80 195.85 195.90 195.95
## [21] 196.00 196.05 196.10 196.15 196.20 196.25 196.30 196.35 196.40 196.45
## [31] 196.50 196.55 196.60 196.65 196.70 196.75 196.80 196.85 196.90 196.95
## [41] 197.00 197.05 197.10 197.15 197.20 197.25 197.30 197.35 197.40 197.45
## [51] 197.50 197.55 197.60 197.65 197.70 197.75 197.80 197.85 197.90 197.95
#+# [61] 198.00 198.05 198.10 198.15 198.20 198.25 198.30 198.35 198.40 198.45
#+# [71] 198.50 198.55 198.60 198.65 198.70 198.75 198.80 198.85 198.90 198.95
## [81] 199.00 199.05 199.10 199.15 199.20 199.25 199.30 199.35 199.40 199.45
## [91] 199.50 199.55 199.60 199.65 199.70 199.75 199.80 199.85 199.90 199.95
#+# [101] 200.00 200.05 200.10 200.15 200.20 200.25 200.30 200.35 200.40 200.45
#+# [111] 200.50 200.55 200.60 200.65 200.70 200.75 200.80 200.85 200.90 200.95
#+# [121] 201.00 201.05 201.10 201.15 201.20 201.25 201.30 201.35 201.40 201.45
#+# [131] 201.50 201.55 201.60 201.65 201.70 201.75 201.80 201.85 201.90 201.95
#+# [141] 202.00 202.05 202.10 202.15 202.20 202.25 202.30 202.35 202.40 202.45
#4# [151] 202.50 202.55 202.60 202.65 202.70 202.75 202.80 202.85 202.90 202.95
#+# [161] 203.00 203.05 203.10 203.15 203.20 203.25 203.30 203.35 203.40 203.45
#+# [171] 203.50 203.55 203.60 203.65 203.70 203.75 203.80 203.85 203.90 203.95
#+# [181] 204.00 204.05 204.10 204.15 204.20 204.25 204.30 204.35 204.40 204.45
## [191] 204.50 204.55 204.60 204.65 204.70 204.75 204.80 204.85 204.90 204.95
#4# [201] 205.00 205.05 205.10 205.15 205.20 205.25 205.30 205.35 205.40 205.45
#+# [211] 205.50 205.55 205.60 205.65 205.70 205.75 205.80 205.85 205.90 205.95
#4# [221] 206.00 206.05 206.10 206.15 206.20 206.25 206.30 206.35 206.40 206.45
#+# [231] 206.50 206.55 206.60 206.65 206.70 206.75 206.80 206.85 206.90 206.95
#4# [241] 207.00 207.05 207.10 207.15 207.20 207.25 207.30 207.35 207.40 207.45
#+# [251] 207.50 207.55 207.60 207.65 207.70 207.75 207.80 207.85 207.90 207.95
#+# [261] 208.00 208.05 208.10 208.15 208.20 208.25 208.30 208.35 208.40 208.45
#+# [271] 208.50 208.55 208.60 208.65 208.70 208.75 208.80 208.85 208.90 208.95
#+# [281] 209.00 209.05 209.10 209.15 209.20 209.25 209.30 209.35 209.40 209.45
#+# [291] 209.50 209.55 209.60 209.65 209.70 209.75 209.80 209.85 209.90 209.95
## [301] 210.00

lat=v1s$dim[[2]]$vals
lat



## [1]117.0017.0517.1017.1517.2017.2517.30 17.35 17.40 17.45 17.50

#+# [12]17.5517.60 17.65 17.70 17.75 17.80 17.85 17.90 17.95 18.00 18.05
#+# [23]18.10 18.15 18.20 18.25 18.30 18.35 18.40 18.45 18.50 18.55 18.60
#+# [34] 18.65 18.70 18.75 18.80 18.85 18.90 18.95 19.00 19.05 19.10 19.15
#+# [45] 19.20 19.25 19.30 19.35 19.40 19.45 19.50 19.55 19.60 19.65 19.70
#+# [56] 19.75 19.80 19.85 19.90 19.95 20.00 20.05 20.10 20.15 20.20 20.25
#+# [67]20.30 20.35 20.40 20.45 20.50 20.55 20.60 20.65 20.70 20.75 20.80
#+# [78]20.85 20.90 20.95 21.00 21.05 21.10 21.15 21.20 21.25 21.30 21.35
#+# [89] 21.40 21.45 21.50 21.55 21.60 21.65 21.70 21.75 21.80 21.85 21.90
#4# [100] 21.95 22.00 22.05 22.10 22.15 22.20 22.25 22.30 22.35 22.40 22.45
#+# [111] 22.50 22.55 22.60 22.65 22.70 22.75 22.80 22.85 22.90 22.95 23.00
#+# [122] 23.05 23.10 23.15 23.20 23.25 23.30 23.35 23.40 23.45 23.50 23.55
#+# [133] 23.60 23.65 23.70 23.75 23.80 23.85 23.90 23.95 24.00 24.05 24.10
## [144] 24.15 24.20 24.25 24.30 24.35 24.40 24.45 24.50 24.55 24.60 24.65
#4# [155] 24.70 24.75 24.80 24.85 24.90 24.95 25.00 25.05 25.10 25.15 25.20
#4# [166] 25.25 25.30 25.35 25.40 25.45 25.50 25.55 25.60 25.65 25.70 25.75
#+# [177] 25.80 25.85 25.90 25.95 26.00 26.05 26.10 26.15 26.20 26.25 26.30
#+# [188] 26.35 26.40 26.45 26.50 26.55 26.60 26.65 26.70 26.75 26.80 26.85
#4# [199] 26.90 26.95 27.00 27.05 27.10 27.15 27.20 27.25 27.30 27.35 27.40
#+# [210] 27.45 27.50 27.55 27.60 27.65 27.70 27.75 27.80 27.85 27.90 27.95
#+# [221] 28.00 28.05 28.10 28.15 28.20 28.25 28.30 28.35 28.40 28.45 28.50
#+# [232] 28.55 28.60 28.65 28.70 28.75 28.80 28.85 28.90 28.95 29.00 29.05
## [243] 29.10 29.15 29.20 29.25 29.30 29.35 29.40 29.45 29.50 29.55 29.60
#+# [254] 29.65 29.70 29.75 29.80 29.85 29.90 29.95 30.00

nc_close(nc)
rm(junk,vl)
file.remove('chl.nc')

#4# [1] TRUE

3. Working with the data - Creating a map for one time step

Let's create a map of Chl a for May 2015 (our first time step).
You will need to download the scale.R file and copy it to your working directory to plot the color scale properly.

#set color breaks
h=hist(chl[,,1], 100, plot=FALSE)
breaks=h$breaks
n=length(breaks)-1

#define a color palette

jet.colors <-colorRampPalette(c("blue", "#007FFF", "cyan","#7FFF7F", "yellow", "#FF7F00", "red", "#7F0000"))
#set color scale using the jet.colors palette

c=jet.colors(n)

#open a new graphics window

x11(width=6, height=4.85)

#prepare graphic window : left side for map, right side for color scale
layout(matrix(c(1,2,3,0,4,0), nrow=1, ncol=2), widths=c(5,1), heights=4)
layout.show(2)

par(mar=c(3,3,3,1))

#plot Chl map

image(lon,lat,chl[,,1],col=c,breaks=breaks,xlab=",ylab=",axes=TRUE,xaxs="i',yaxs='i',asp=1,
main=paste("Monthly Chlorophyll a concentration", dates[1]))

#example of how to add points to the map

points(202:205,rep(26,4), pch=20, cex=2)

#example of how to add a contour (this is considered a new plot, not a feature, so you need to use par(new=TRUE)
par(new=TRUE)

contour(lon,lat,chl[,,1],levels=0.09,xaxs=""',yaxs="i',labcex=0.8,vfont = c("sans serif", "bold"),axes=FALSE,asp=1)

par(mar=c(3,1,3,3))

#plot color scale using 'image.scale’ function from 'scale.R' script)

source('scale.R")

image.scale(chl[,,1], col=c, breaks=breaks, horiz=FALSE, yaxt="n",xlab=",ylab=",main="'Chl a')
axis(4, las=1)

box()
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4. Working with the data - Plotting a time series

Let's pick the following box : 24-26N, 200-206E.

11=which(lon==200)
12=which(lon==206)
J1=which(lat==24)
J2=which(lat==26)
chi2=chl[11:12,)12,]

n=dim(chl2)[3]

res=rep(NA,n)
for (i in 1:n)
res[i]=median(chl2[,,il,na.rm=TRUE)

plot(1:n,res,axes=FALSE,type='0',pch=20,xlab=",ylab='Chl a')
axis(2)

axis(1,1:n,dates)

box()
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5. Working with the data - Creating a map of median chl over a year

From May 2015 to April 2016:
chl.yr=apply(chl[,,1:12],c(1,2),median,na.rm=TRUE)

x11(width=7.55, height=6)
layout(matrix(c(1,2,3,0,4,0), nrow=1, ncol=2), widths=c(5,1), heights=4)
layout.show(2)

par(mar=c(3,3,3,1))
image(lon,lat,chl.yr,col=c,breaks=breaks,xlab=",ylab=",axes=TRUE,xaxs='i',yaxs='"i',asp=1,
main=paste("Median Chlorophyll a concentration", dates[1],' - ',dates[12]))

par(mar=c(3,1,3,3))

image.scale(chl.yr, col=c, breaks=breaks, horiz=FALSE, yaxt="n",xlab=",ylab=",main='Chl a')
axis(4, las=1)

box()
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